Stroke prevention is a crucial step in the management of atrial fibrillation (AF). The assessment of stroke risk associated with AF varies, depending on the presence of various clinical risk factors (older age, congestive heart failure, diabetes mellitus, hypertension, history of stroke or transient ischemic attack, female sex, or peripheral vascular disease) incorporated in risk stratification models such as CHADS 2 and CHA 2 DS 2 -VASc. Although these models have modest predictive ability in individual patients, current guidelines advocate the use of a CHA 2 DS 2 -VASc risk score to identify very low risk patients who can avoid antithrombotic therapy, as well as all others who can benefit from such therapy. More recently biomarkers and imaging has improved our knowledge of pathophysiology of AF and may further improve risk stratification for thromboprophylaxis in AF patients. These new markers combined with clinical risk scores may enable the development of novel tools to improve clinical risk assessment in AF. In this article, we summarize the recent developments in risk stratification for stroke prevention in AF, including the various schemes and new biomarkers that may lead to improved patient outcomes.
with nonvalvular AF between the ages of 65 and 95 years. 3 Patients with a score of 0 had a stroke risk of 1.2% per year. Patients with a score of 1 had a risk for stroke of 2.8% per year, and patients with a score higher than 1 had a stroke risk of more than 3.6% per year. Recognizing that the bleeding risk of warfarin was approximately 2% per year, 4 early recommendations from the American College of Chest Physicians stated that for patients with an absolute risk for stroke of about 1% a year, roughly equivalent to a CHADS 2 score of 0, the risk for anticoagulation may outweigh the risk for stroke, and aspirin was recommended. Patients with an absolute risk for stroke of 2.5% a year, roughly equivalent to a CHADS 2 score of 1, were considered to be intermediate risk, and therapy with either aspirin or warfarin was recommended. In those with a higher risk for stroke, identified by a CHADS 2 score of 2 or higher, warfarin was suggested. 5 Although simple to use, there were shortcomings in the CHADS 2 model. First, most patients were classified as intermediate risk. In these patients, the clinician was offered a choice of therapy (warfarin or aspirin), which is an unusual recommendation for guidelines. Second, age was an independent risk factor for stroke that was associated with an incremental risk of 1.5 per decade. By using an absolute age cut-off of 75 years, many patients who were 60 or 70 years old may be at increased risk for stroke but would not receive appropriate therapy until their 75th birthday. 6, 7 Third, the definitions of hypertension and heart failure were not standardized. A patient with a history of well-controlled hypertension had a different stroke risk than a person with uncontrolled hypertension (systolic blood pressure, $140 mmHg), 8, 9 yet each patient received a single point for risk stratification. In early retrospective studies, congestive heart failure was identified by International Classification of Diseases, Ninth Revision, Clinical Modification, code or symptoms of heart failure in the proceeding 100 days. 10 Later, echocardiographic criteria suggested that measures of left ventricular dysfunction (fractional shortening ,25% and global left ventricular dysfunction) were predictive of stroke events. 11 Cardiologists had difficulty defining heart failure by echo criteria, and the merging of the term heart failure with an echo-derived left ventricular ejection fraction was difficult. There also was confusion as to what to do with patients with heart failure but with preserved ejection fraction. In addition, the role of heart failure was challenged as an independent predictor for the risk for thromboembolism in AF patients. 6, 12 Finally, the CHADS 2 score failed to recognize a number of important variables, including female sex 13 and vascular disease (peripheral arterial disease, myocardial infarction, complex aortic plaques, or renal disease), as important risk factors for stroke. 7, 14 
Various risk-stratification schemes
Other risk-stratification schemes have been proposed, including those by the Atrial Fibrillation Investigators, 15 the American College of Chest Physicians, 16 the Stroke Prevention in Atrial Fibrillation Investigators, 12, 17 the Framingham Heart Study, 18 and the American College of Cardiology/American Heart Association/European Society of Cardiology. 19 Most of these organizations categorize stroke risk into low-, moderate-, or high-risk groups. Despite substantial effort, the predictive ability of these scores was modest and highly variable. 20 The discriminating ability of multiple risk schemes, as measured by c statistics, ranges from 0.56 to 0.62, where a value of 1.0 represents perfect discrimination. The proportion of patients categorized as low risk ranges from 11.7% to 37.1% across schemes, and the proportion who were high risk ranged from 16.4% to 80.4%. 20 In a comparative study of risk stratification scores, it was noted that when various schemes were applied to the same patient cohort, the number of patients classified as low risk ranged from 9% to 49%. 1 These studies highlighted the need for more robust risk stratification schemes, which could allow consistent recommendations for anticoagulant therapy in AF patients at risk for thromboembolism.
CHA 2 DS 2 -VASc score
The CHA 2 DS 2 -VASc model expanded on the CHADS 2 score, taking into account two additional risk factors: female sex and vascular disease (Table 1) . 4 Vascular disease was defined as a history of a myocardial infarction, peripheral arterial disease, or complex aortic plaque. The presence of any of these features was worth 1 point. In addition, it assigned a point for female sex or age 65-74 years. Age greater than 75 years was awarded 2 points. With this strategy, a score of 0 was deemed low risk, a score of 1 was considered intermediate risk, and a score of 2 or higher was classified as high risk ( Table 2) . 21 This scheme was validated in 1,084 subjects in the EuroHeart survey who had nonvalvular AF, who did not receive anticoagulation, and who were followed-up for 1 year. In this analysis, the CHA 2 DS 2 -VASc score had only a slightly better predictive ability (c statistic, 0.61 versus 0.56) compared with CHADS 2 score. 4 
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The CHADS 2 score and its variants score of one from the Apixaban versus Acetylsalicylic Acid to Prevent Stroke in Atrial Fibrillation Patients Who Have Failed or Are Unsuitable for Vitamin K Antagonist Treatment (AVERROES) and Atrial Fibrillation Clopidogrel Trial with Irbesartan for Prevention of Vascular Events (ACTIVE) trials. Of 4,670 patients with a baseline score of CHADS 2 =1, 26% were classified as a CHA 2 DS 2 -VASc score of 1 (26%), with a low annual risk for systemic embolism of 1%, for whom anticoagulant therapy could be withheld. 22 In another study of 47,576 anticoagulation-naive AF patients who were considered to be low to intermediate risk (CHADS 2 =1), 84.2% were reclassified as a CHA 2 DS 2 -VASc score 1 or higher, with stroke/thromboembolism rate per 100 person-years ranging from 1.79 to 8.18 at 1-year follow-up. 23 This demonstrates that patients classified as low risk by CHADS 2 scheme are not truly "low risk" and that the risk for stroke is highly variable, ranging from 1.79% to 8.18% in 1 year. The additional risk factors included in CHA 2 DS 2 -VASc significantly improve the predictive value of the CHADS 2 score. This ability to identify a truly low-risk group of patients was validated in additional studies. A Danish cohort study of 73,538 patients who did not receive anticoagulation and were hospitalized with nonvalvular AF confirmed a very low rate of stroke (0.78%/year) in the CHA 2 DS 2 -VASc low-risk group (0 points) compared with 1.67% in the CHADS 2 low risk group (0 points). 24 Similar findings were noted in the United Kingdom General Practice Research Database study, involving 79,884 AF patients followed-up for an average of 4 years. Low-risk subjects (CHA 2 DS 2 -VASc score, 0) were truly low risk, with annual stroke events lower than 0.5%. 25 In short, patients with CHA 2 DS 2 -VASc scores of 0 are truly at low risk, and no therapy would be warranted.
In summary, the major strength of the CHA 2 DS 2 -VASc scheme lies in predicting patients who are at truly low risk for stroke and in avoiding anticoagulation therapy. The ability to characterize low-risk AF patients with confidence allows clinicians to identify patients who can safely be treated with aspirin or possibly no therapy, sparing them the risk for bleeding, the cost, and the inconvenience of anticoagulant therapy. In addition, the CHA 2 DS 2 -VASc points out that certain low-risk patients (CHADS 2 =0-1) have a stroke risk that is highly variable. For example, anticoagulation is warranted in a person with a CHADS 2 score of 2, 3, or 4, as the stroke risk is high and the addition of a CHA 2 DS 2 -VASc score is not needed. It is reclassification of the CHADS 2 =0-1 patients that is crucial ( Figure 1 ). Further, the CHA 2 DS 2 -VASc scheme identifies more patients in the at-risk population, allowing earlier initiation of anticoagulation therapy for primary prevention for stroke and thromboembolism. Many patients, particularly older women, are redistributed from the low-to the higher-risk categories. 26 The ability to identify a truly high-risk group of patients might also be an advantage. Exclusion of left atrial appendage, either surgically or by implantation of intravascular devices, might be warranted in a patient who has exceptionally high risk for stroke, such as patients with a CHADS 2 score of 2 and higher or CHA 2 DS 2 -VASc scores of 4 or higher, particularly those who are unable to tolerate anticoagulation ( Figure 1 ). 27 In the ASA Plavix Feasibility Study With Watchman Left Atrial Appendage Closure Technology (ASAP) study, 150 AF patients with a mean CHADS 2 score and CHA 2 DS 2 -VASc score of 2.8±1.2 and 4.4±1.7, respectively, who were ineligible for anticoagulant therapy underwent left atrial appendage closure with the Watchman™ (Boston Scientific, Natick, MA, USA) device. On the basis of the mean CHADS 2 score being 2.8, the annualized ischemic stroke rate was expected to be 7.3% if treated with aspirin alone; however, the observed 27 This study emphasizes the need to identify truly high-risk patients with risk stratification schemes more robust than the CHADS 2 score. More data are also required to confirm the safety and efficacy of closure of the left atrial appendage, using percutaneous devices and surgical techniques in patients at various levels of risk. Nonetheless, new European AF guidelines discourage the low-/moderate-/high-risk strata and emphasize a risk factor-based approach, preferably using the CHA 2 DS 2 -VASc score, given that stroke risk accumulates as the number of risk factors increases. 28
Role of echocardiography in risk stratification of AF
Current guidelines recommend obtaining a baseline transthoracic echocardiogram (TTE) for all newly diagnosed patients with AF. TTE helps in the documentation of left ventricular dimensions, left atrial dimension, and left ventricular mass. The role of TTE in identifying patients at risk of developing AF has been well documented, 29, 30 but data supporting its role in identifying patients at risk for thromboembolic complications from AF are limited. 11 In the Cardiovascular Health Study, of all the echocardiographic variables assessed, only left atrial size and left ventricular posterior wall thickness were significant predictors of occurrence of AF, but not thromboembolic events. 29 The stroke associated with AF is most commonly a result of emboli originating in the left atrium, and more precisely, the left atrial appendage, a structure that is often not adequately visualized on TTE.
A comprehensive evaluation of the left atrial appendage often involves a more invasive approach using transesophageal echocardiography. 31 New techniques in the field of echocardiography such as three-dimensional echocardiography, tissue Doppler imaging, or speckle tracking may in the future add additional information.
Role of biomarkers in riskstratifying AF patients
A range of biomarkers that reflect underlying pathophysiological processes of atrial fibrillation and stroke has been associated with clinical events and, conceptually, may help refine further stroke risk assessment in AF patients. These include estimates of renal function, myocardial necrosis, and markers of inflammation (C-reactive protein; CRP).
Glomerular filtration rate
Renal dysfunction has emerged as an important risk factor for stroke in AF patients. 32, 33 A meta-analysis of 33 prospective 
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The CHADS 2 score and its variants studies, including 280,000 patients experiencing 8,000 stroke events, found that patients with a baseline estimated glomerular filtration rate of less than 60 mL/minute per 1.73 m 2 had a 43% higher risk for future stroke than those with a normal glomerular filtration rate. 34 The potential underlying mechanism of increased risk is unclear but likely includes accelerated atherosclerosis, increased blood pressure, and more advanced and recalcitrant AF. In a recent analysis of AF patients treated with warfarin or rivaroxaban, a reduced creatinine clearance was a strong independent predictor of stroke, second only to prior transient ischemic attack or stroke. 35 One may speculate that the incorporation of renal dysfunction may improve the predictive performance of existing risk stratification schemes. One such model is the R 2 CHADS 2 score, developed from the Rivaroxaban Once-Daily, Oral, Direct Factor Xa Inhibition Compared with Vitamin K Antagonism for Prevention of Stroke and Embolism Trial in Atrial Fibrillation (ROCKET AF) and validated in the Anticoagulation and Risk Factors in Atrial Fibrillation (ATRIA) study, an independent AF patient cohort. 35 R 2 CHADS 2 resulted in a 12% (95% confidence interval, 6%-19.5%) net reclassification improvement in patients receiving warfarin and a 22.6% (95% confidence interval, 14.5%-30.7%) net reclassification improvement in patients not receiving warfarin when compared with the CHADS 2 index. However, the performance of the R 2 CHADS 2 score for stroke prediction remains modest, with a C-statistic of 0.587, similar to a CHADS 2 or CHA 2 DS 2 -VASc score, with a C-statistic of 0.575 and 0.578, respectively. 35 Similar results were noted in another study of 5,912 AF patients, where the addition of renal impairment to CHADS 2 or CHA 2 DS 2 -VASc scores did not improve their predictive value at 1-year follow up. 36 Interestingly, although renal dysfunction was associated with higher rates of stroke, after adjustment of the CHADS 2 risk factors, renal impairment did not significantly increase the risk for stroke. In summary, patients with atrial fibrillation and renal dysfunction are at increased risk for stroke. However, because of the lack of consistent results of renal dysfunction as an independent predictor of stroke. In addition to the usual CHADS 2 risk factors, it is not of additive predictive value to the routine clinical scoring system.
Brain natriuretic peptide
Natriuretic peptides (NT proBNP, BNP) are secreted by cardiomyocytes and maintain salt and water homeostasis in normal and diseased states. BNP levels are higher in patients with AF than those with sinus rhythm, 37 and they return to normal level with restoration of sinus rhythm with cardioversion, 38 likely reflecting the changes in atrial stretch and function. 39 Therefore, it is believed that in a patient with AF, BNP is primarily produced in the atria, whereas in a patient with heart failure, natriuretic peptide is mainly released by ventricles. 40, 41 Elevated levels of BNP have been correlated with left atrial appendage dysfunction, 42, 43 which itself is associated with increased risk for thromboembolic events in AF patients. 14 The prevalence of elevated biomarkers and their association with cardiovascular events in AF patients receiving chronic anticoagulation were studied independently in two clinical trials: Apixaban for the Prevention of Stroke in Subjects with Atrial Fibrillation (ARISTOTLE) and Randomized Evaluation of Long-Term Anticoagulation Therapy (RE-LY). The risk for stroke and systemic thromboembolism was significantly lower in the lowest NT-proBNP quartile, which was defined as serum NT-proBNP levels of 363 ng/L or less in the ARISTOTLE study and 387 ng/L or less in the RE-LY study. The addition of NT-proBNP to the CHA 2 DS 2 -VASc score led to only modest improvement in their risk prediction for stroke, as measured by C-statistics: 0.62-0.65 (P,0.001) for ARISTOTLE and 0.62-0.63 (P=0.2) for the RE-LY substudy. 44, 45 These data suggest that AF patients who belong to a particular clinical risk category can carry a wide range of thromboembolic risk based on NT-proBNP levels. Unfortunately, there is no additive or synergistic effect of using a clinical score with natriuretic peptides on thromboembolic risk prediction. This association of increased thromboembolic risk with a biomarker associated with salt and water homeostasis and atrial stretch is interesting and may help with a better understanding of the relationship between AF and stroke.
In summary, natriuretic peptides may help identify residual risk for thromboembolism in AF patients receiving anticoagulation. However unlike the clinical risk scores, they do not allow identification of patients who should be started on anticoagulation.
Troponin
Troponins are regulatory proteins that are integral to the contractile system of the cardiomyocyte. They are released during cardiac cell death or injury. The exact mechanism by which cardiac troponins are elevated in AF patients is still unclear. It could be a result of coexisting coronary artery disease or heart failure in AF patients. Some investigators believe that increased wall stress, demand-supply mismatch, or angiotensin 2-induced oxidative stress are possible explanations for troponin elevations in selected AF patients. 46 Research Reports in Clinical Cardiology 2014:5 submit your manuscript | www.dovepress.com
Dovepress
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The association of troponin and increased cardiovascular events was evaluated prospectively in a subgroup of the original RE-LY cohort. This substudy included 6,189 AF patients, of whom 55% had detectable troponins. The group was divided into quartiles according to their level of troponin at entry into the study. The thromboembolic risk was related to elevation in serum troponin values. Patients in the highest quartile of troponin 1 ($0.040 µg/L) were at fivefold increased risk compared with those with troponin 1 in the lowest quartile (#0.010 µg/L). The addition of troponin 1 to the CHADS 2 score led to only modest improvement in its risk-prediction accuracy for stroke and systemic embolism, as measured by C-statistics, going from 0.61 to 0.65 (P,0.04). Similarly, the improvement in the prediction accuracy of the CHA 2 DS 2 VASc score went from 0.62 to 0.65 (P,0.049). 45 Similar results were noted in the ARISTOTLE substudy, which included 14,821 AF patients, of whom 98.5% had detectable troponins. Adjusted Cox analysis demonstrated a twofold increased risk for stroke and systemic embolism in patients with high-sensitivity (hs)-troponin I $10.1 ng/L. Adding hs-TnI to the CHA 2 DS 2 VASc score improved C-statistics from 0.63 to 0.65 for stroke or systemic embolism. 47 Thus, both the RE-LY and the ARISTOTLE substudies showed that rising levels of troponin, a marker of myocardial cell death, is independently associated with increased risk for stroke and systemic embolism but leads to only modest improvement of thromboembolic risk prediction scoring systems.
One difference between these two studies was that a high-sensitivity troponin assay (measured in nanograms per liter) was used in the ARISTOTLE study compared with the RE-LY study, which used traditional troponin assay (measured in micrograms per liter). The use of hs-TnI assays in the ARISTOTLE substudy allowed investigators to detect even lower levels of circulating troponins, which could explain why 98.5% of patients in the ARISTOTLE study had detectable troponin compared with just 57% in the RE-LY study. The proportions of patients with elevated troponins, defined as the 99th percentile of the normal, healthy population, was 9.2% in ARISTOTLE and 8% in the RE-LY study. This improved sensitivity for identifying patients who had "subclinical" evidence of myocardial cell death may lead to earlier or more accurate risk prediction of clinical events. Because these studies used different assays, an absolute number for troponin elevation cannot be established to guide clinical decision making, such as that available for myocardial infarction. [45] [46] [47] [48] In another study, patients with elevated levels of hstroponin T were 2.2 times more likely to have adverse cardiovascular events and were at 1.8-fold increased risk for all-cause mortality compared with patients with normal hs-TnT, even after adjusting for CHADS 2 score. 49 These results were derived from real-world AF patients who are receiving chronic (.6 months) stable anticoagulation with warfarin (time in therapeutic range, .70%) and are complementary to the previously discussed results of the RE-LY and ARISTOTLE clinical trials.
In summary, the use of biomarkers of cardiac necrosis can help subclassify thromboembolic risk of individuals within a particular clinical risk group who are receiving long-term anticoagulation. It is interesting that even tiny markers of cell death such as hs-TnT are associated with a central nervous system event. The association of increased thromboembolic risk with a biomarker associated with myocardial death and injury remains elusive. The mechanisms that have been proposed so far include changes in microvascular blood flow, atrial calcium overload, oxidative stress and oxygen demand-supply mismatch. It is possible that alteration in the Virchow's triad leads to pathogenesis of AF induced thrombi via a complex cascade of events that include proinflammatory state, endothelial dysfunction, and platelet activation in a dilated poorly contractile left atrium, which allows stagnation of blood. [48] [49] [50] Which one of these individual or combined mechanisms leads to troponin elevation in AF patients with stroke needs to be identified. However, troponin measurement cannot replace clinical risk scores when deciding who should receive anticoagulation.
CRP
One of the acute phase reactants secreted by the liver in response to inflammation is CRP. CRP is also believed to be an opsonin that can help clear apoptotic myocytes. 51 It is believed that initiation of rapid atrial firing could lead to cellular calcium overload in the atrial myocytes and may promote their apoptosis. 52 This phenomenon supports the hypothesis that AF may have direct inflammatory effects on atrial myocytes and could potentially explain why CRP, an inflammatory marker, would be elevated in AF. CRP levels were found to be elevated in patients with persistent AF compared with patients with paroxysmal AF. Similarly, compared with patients in normal sinus rhythm, AF patients were noted to have higher CRP levels. 53 In a large, population-based study, elevated CRP levels were associated with the presence of AF at the beginning of the study and predicted the future development of AF. 54 Elevated baseline CRP levels were also associated with a higher failure rate of electric cardioversion. 55 
A change in highly sensitive
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The CHADS 2 score and its variants CRP levels was associated with failure of pulmonary vein isolation ablation procedure. 56 Most interestingly, restoration of sinus rhythm returned CRP levels to normal, thereby providing indirect evidence that AF could be inflammatory in origin. It still remains controversial whether inflammation is a consequence or a cause of AF. Nonetheless, there are no convincing reports illustrating the role of CRP in riskstratifying patients with AF.
Although clinical risk stratification has improved dramatically over the last decade because of the use of improved scoring systems, the search for an ideal biomarker continues. There are multiple novel biomarkers on the horizon, such as D-dimer, cystatin C, E-selectin, P-selectin, CD40 ligand, interleukin 6, von Willebrand factor, plasminogen activator inhibitor 1, and tissue factor, that are currently being investigated for their role in the management of patients with AF. 48, 50 
Role of magnetic resonance imaging in risk stratification
Magnetic resonance imaging (MRI) has emerged as an important noninvasive tool for the evaluation of patients with AF. In the setting of AF, MRI of the brain and heart are two distinct entities, which warrant independent discussion.
Brain MRi
The existing clinical scoring system defines stroke according to the clinical symptoms of stroke, but it does not account for subclinical strokes, which patients may suffer without overt neurological findings and which are incidentally picked up on brain imaging. MRI of the brain assists with identification of these subclinical strokes and may have a role in risk-stratifying AF patients. Two studies are currently underway. In the AVEROESS MRI substudy, brain MRIs were performed at baseline and during follow-up for patients who were receiving either aspirin or apixaban for stroke prophylaxis. Prospective Urban Rural Epidemiological Study-MRI (PURE-MRI), a cross-sectional study, is also currently underway to investigate the prevalence, risk factors, and effect of covert cerebral ischemia in the Canadian population. The investigators plan to extend it to a multinational PURE cohort if useful information is derived from this preliminary investigation. 57 A recent cross-sectional analysis of 270 cardiovascular clinic patients found that silent cerebral ischemia was twice as common in AF patients as in controls (90% versus 46%). According to the MRI results, the researchers hypothesize that most of these ischemias were embolic in nature. 58 The Mesh Ablator Versus Cryoballoon Pulmonary Vein Ablation of Symptomatic Paroxysmal Atrial Fibrillation (MACPAF) investigators conducted serial brain MRIs on patients (n=37) with paroxysmal AF who underwent pulmonary vein isolation and identified silent ischemia on postprocedural MRI in 41% of patients. In this study, 70% of patients had a CHADS 2 score of 0 or 1. 59 Brain MRI can also identify cerebral microbleeds, which may be a predictor of future intracranial hemorrhages. 60 Fisher has proposed an algorithm on using screening brain MRI for intermediaterisk AF patients to determine the need for anticoagulation. 61 Screening MRIs may improve the predictive performance of a clinical risk scoring system. The presence of microbleed or silent ischemia on brain MRI may allow physicians to counsel their patients and help them make well-informed decisions regarding the risks and benefits of oral anticoagulation.
Cardiac MRi
Late gadolinium enhancement on cardiovascular MRI (LGE-MRI) can identify and quantify left atrial fibrosis, a variable of structural atrial remodeling that induces and maintains AF. 62, 63 Daccarett et al studied clinical, AF, and CHADS 2 score characteristics by clinical examination and systematic chart review of 387 patients who underwent LGE-cardiac MRI before pulmonary vein isolation. 64 A history of previous stroke was present in 36 (9.3%) patients. It was noted that patients with previous strokes and a higher CHADS 2 score had a significantly higher percentage of left atrial fibrosis. A logistic regression analysis of all variables except strokes demonstrated that left atrial fibrosis independently predicted cerebrovascular events (P=0.002) and significantly increased the predictive performance of the clinical risk score (area under the curve, 0.77). Although this study had several limitations, it did provide a plausible correlation between left atrial structural remodeling and ischemic strokes. 64 Cardiac MRI has the potential to provide mechanistic understanding behind an increased risk for stroke with AF.
LGE-MRI has also been shown to be useful in localizing and quantifying scar formation in the left atrium and identifying predictors of successful radiofrequency ablation. 65 The role of MRI in the evaluation of AF patients is early in its development and warrants further investigation before routine use in clinical practice.
Conclusion
The decision to start a patient with AF on anticoagulation is still based on clinical risk scores alone. Because biomarker studies were performed on patients already receiving Research Reports in Clinical Cardiology downloaded from https://www.dovepress.com/ by 54.70.40.11 on 21-Sep-2019 For personal use only. anticoagulation, their role seems mostly to lie in mechanistic understanding of stroke, such as accelerated atherosclerosis, inflammation, endothelial dysfunction, myocardial stretch, or injury, rather than being incorporated in clinically derived risk factors (which were developed in nonanticoagulated patients). They may be able to identify patients at particularly high risk for stroke who may benefit from surgical or catheter-based procedures that eliminate or isolate the left atrial appendage, a residual risk for stroke and thromboembolism in patients receiving anticoagulation.
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